Child mortality is a major public health problem in sub-Saharan Africa and is influenced by nutritional status. A conceptual framework was proposed to explain factors related to undernutrition. Previously proposed conceptual frameworks for undernutrition do not consider child mortality and describe factors related to undernutrition from a qualitative viewpoint only. A structural equation modelling approach was applied to the data from World Bank and FAO databases collected from over 37 sub-Saharan countries from 2000 to the most recent update. Ten food groups, exclusive breastfeeding, poverty and illiteracy rates, and environmental hygiene were investigated in relation to underweight, stunting, low birthweight, and child mortality.
20% of child mortality occurring in sub-Saharan Africa (Lartey, 2008; Lim et al., 2012; Pelletier, 1994) . Conceptual frameworks about the determinants of undernutrition in children has been proposed in the past. The most commonly accepted one was the conceptual framework proposed by Engle, Menon, and Haddad (1999) , which was also adopted by the UNICEF and other institutions. According to this conceptual framework, three different levels of undernutrition determinants can be defined. Poverty at the base is defined as the basic determinant of undernutrition affecting food availability and security, resources for health care of the mother and the child, and the hygiene of the environment. These latter are defined as underlying determinants of undernutrition and in turn affect child health and child nutritional status. Finally, child health and child nutritional status are defined as immediate determinants of undernutrition. This conceptual framework well represents the factors that determine undernutrition according to a hierarchical structure between them. Nevertheless, it has certain limitations. First, this framework does not include underfive mortality, which should be placed on the top to complete the framework. Moreover, if child mortality is included at the top of the framework, all the factors included in the conceptual framework should refer to under-five mortality as a final stage. Second, all of the factors at a given level (basic, underlying, and immediate determinants) appear to have the same importance, although it would be interesting to understand their reciprocal relations. In the present work, we proposed a modelling approach aimed to disentangle the quantitative complex framework among those determinants of child mortality in a revised conceptual framework having similar elements than the one early proposed by Engle, Menon, and Haddad. To this aim, data from the World Bank and FAO databases were collected and analysed using structural equation models.
| METHODS
The most recent up-to-date information about under-five child mortality and its determinants were collected from the World Bank and FAO databases during the period 2000-2016 and 2000-2013, respec- tively. A panel of 24 variables was used. Briefly, under-five mortality, defined as the probability per 1,000 that a newborn baby will die before reaching age 5, was the main outcome. The underweight prevalence, wasting prevalence (percentage of children under age 5 whose weight for age and height for age are more than two standard deviations below the median for the international reference population ages 0-59 months), and low birthweight rate (newborns weighing less than 2,500 g) were considered as immediate determinants of child mortality. Afterwards, health expenditure, hospital beds, and a number of nurses, midwives, and physicians were considered to portray the availability of care resources. On the other hand, the distribution of hand washing and safe water drinking facilities and number of people practicing open defecation were investigated to represent environmental hygiene and sanitation. Percentage of exclusive breastfeeding from the World Bank database and nine groups of foods from the FAO database (animal fat, fish, eggs, meat, milk, vegetable oils, fruit, cereals, and vegetables) were considered to represent food availability.
Finally, the gross national income per capita, the unemployment and literacy rates, and national expenditure on education were defined as basic determinants of child mortality. Variables and their definitions from the corresponding databases were reported on 
| Statistical methods
Medians and interquartile ranges for under 5-year mortality and all of the variables considered were reported for both sub-Saharan African areas and the total sub-Saharan Africa (Table 1) . Before the analysis, all of the variables considered were summarized in a single, time detrended, value for each country. Briefly, the time series were interpolated using a random intercept model applied to each country. The resulting predicted values were then summarized by country using a single value performed by their median. Finally, these values were normalized and standardized using the Blom transformation (Blom, 1958 ).
This step was performed to the aim of having standardized beta regression coefficients to depict the path of association between an outcome and a predictor after structural equation modelling (SEM). Notably, these coefficients can then be more easily interpreted as explained variance having a standardized range of variability between −1 and 1. Finally, after SEM analyses, the absolute value of the point estimate of the standardized beta coefficients was reported to depict the strength of the association between a predictor and an outcome.
We hereby considered a value of the module of a standardized beta coefficient between 0.3 and 0.6 as representative of a moderate association between variables. Standardized beta coefficients higher than
Key messages
• Child nutritional status is significantly related to child mortality in sub-Saharan Africa. Low birthweight appeared to be one of its most important determinants.
• Breastfeeding, more than food availability, determines child nutritional status in sub-Saharan Africa showing the importance of nutrition in early phases of life.
• Health resources and environmental hygiene plays an important role in determining child nutritional status in sub-Saharan Africa.
• Poverty can be confirmed to act as a basic determinant of child nutritional status and in turn child mortality in sub-Saharan Africa. 0.6 could be interpreted as a strong relation between the outcome and the predictor.
A single latent variable for groups of variables associated to a given latent factor (e.g., the availability of hand washing and safe drinking water facilities and number of people practicing open defecation to represent environment hygiene latent factor) was performed by means of principal component analysis. Five SEMs were performed considering correlated errors and multiple association paths among variables. Graphical representation was provided using the common standards where latent factors were reported as circles, instrumental variables were reported as rectangular, and arrow with the direction from the covariate to the outcomes were used to portray the paths of associations. First, a model considering the full latent factors framework as predictors and under-five mortality as outcome was interpolated ( Figure 1a) . A partial least square analysis was here used to validate the latent factor to latent factor steps of this framework confirming that one single latent factor was sufficient to represent the variables.
Afterwards, immediate, underlying, and basic determinants of underfive mortality were interpolated separately as reported on Figure 1 b-d. The module of the standardized beta coefficients resulting from the SEM were reported on the arrows describing the relation between predictors and outcomes. Finally, a comprehensive SEM, considering all variables in a single framework, was interpolated separately.
Supplementary analyses defined according to main founding were performed. First, the role of food resources was further investigated excluding breastfeeding from the main model. Second, a separate model was performed considering child mortality in the first year of age because this represents about the 70% of the under-five years mortality (UNICEF webpage mortality data, March 2018).
Borderline significant and statistically significant paths of associations were reported on Table 2 . Data management and statistical analysis were performed using the SAS statistical software package version 9.4. Borderline significant and statistically significant coefficients were defined by a type-I error rate of 10% and 5%, respectively (α = 0.10 and 0.05).
The Proc PRINCOMP and the Proc partial least square analysis of the SAS statistical software package were used to perform latent factors and to validate the latent factor to latent factor steps of the comprehensive latent factor framework model ( Figure 1a) . Finally, the Proc CALIS of the SAS statistical software package was used to interpolate the SEMs. Underlying determinants of child mortality
Health expenditure (% GDP) 5.5 (4.6, 7.6) 5.1 (3.9, 6.9) 4.5 (3.5, 5.2) 5.9 (4.6, 7.2) 5.2 (4.2, 6.9)
Hospital beds × 1,000 0.8 (0.6, 0.9) 1.1 (0. 
| Supplementary analyses
When considering child mortality in the first year of age, the present results are substantially confirmed. In particular, it was observed that the role of breastfeeding in determining the child nutritional status was even reinforced so that the |βst| coefficient raised up from 0.34 to 0.55. Not surprisingly, we observed that low birthweight rate was much stronger associated to child mortality in the first year of age.
As a consequence, the |βst| coefficient raised up from 0.42 to 0.63.
| DISCUSSION
In the present work, a conceptual framework of the under-five mortality and nutritional status in sub-Saharan Africa was discussed from a quantitative viewpoint. Thus, knowledge about child mortality has been reinforced, and relations between factors determining child mortality and health were clarified and assessed quantitatively. First, it appeared that low birthweight, more than underweight or stunting, influences child mortality. Similarly, low birthweight and child mortality has been consistently associated in studies conducted in Africa and other low-to middle-income countries (Cooper & Sandler, 1997; Katz et al., 2013; Marchant et al., 2012) . Moreover, it has been widely reported that the nutritional status of the mother and the birthweight of the child are strongly related (Bergner & Susser, 1970; Kramer, 1987) . This suggests that improving the nutritional status of the mother would indirectly result in a reduction in child mortality probably through a reduction in low birthweight rate. It was observed that breastfeeding, more than food availability, can be related to child nutritional status, confirming the importance of interventions aimed to encourage this practice (Tylleskär et al., 2011) . This result can be explained by the fact that up to 70% of child mortality occurs in the first year of age when exclusive breastfeeding is particularly important to determine child development and health. Exclusive breastfeeding practice in children up to 6 months of age was estimated to be 35%
in Africa in 2010, whereas in Asia and other low-to middle-income countries, it was estimated as 41% and 39%, respectively (Cai, Wardlaw, & Brown, 2012) . The existing difference in exclusive breastfeeding practices between Africa and other low-to middleincome countries may have affected the nutritional status of the children resulting in the observed higher child mortality rates in Africa compared with other low-to middle-income areas (Liu et al., 2015; You et al., 2015) . Nevertheless, exclusive breastfeeding during early stages of life, more than nutrition after weaning, is important in influencing the health status of children and should be implemented (Kimani-Murage et al., 2011; Lartey, 2008; Sankar et al., 2015; Vaahtera et al., 2001) .
It is worth noting that breastfeeding improves the health status of children through a mechanism of improved immune resistance, as reported for HIV and other infectious diseases (Sankar et al., 2015; Victoria, 2000; Wood, Wiseman, Morales, Gedamke, & Castro, 2000) . In the present work, the absence of a significant relation between food availability and nutritional status remain a challenge.
This unexpected negative result could be attributed to at least two different reasons. First, the limited sample size, which refers to 37 countries only, could not be sufficient to detect significant small associations leading to a type-II error. Second, it could be due to the fact that, among the food availability factors, exclusive breastfeeding was the strongest and captured the most of the nutritional status variability. This second hypothesis is confirmed by a sensitivity analysis performed without considering exclusive breastfeeding. According to this analysis, significant associations between foods rich in animal proteins (eggs and meat but not fish) and low birthweight, underweight, and stunting emerged. Furthermore, the correlation among exclusive breastfeeding and other food sources was not statistically significant, confirming that breastfeeding is not only the main nutritional determinant of child mortality, but it is also quite independent from food intakes. Again, this is likely due to the fact that the vast majority of child mortality take place in the first year of age.
The present work confirm that there is a relation between environmental hygiene, in the form of safe drinking water and practice of open defecation, and the nutritional status of children, defined as underweight, wasting, and low birthweight. This association is well acknowledged and documented and is likely driven by diarrhoea or related infectious diseases owing to poor hygienic conditions in sub-Saharan Africa (Oloruntoba, Folarin, & Ayede, 2014; Westaway & Viljoen, 2000) .
Nonetheless, a significant relation between poverty and health care resources that, in turn, are related to the nutritional status of the child was observed. This may confirm that poverty is a basic factor of child nutritional status and under-five mortality as well (Cairncross, Bartram, Cumming, & Brocklehurst, 2010; Garriga & Foguet, 2013) .
Finally, among factors related to poverty, education was confirmed to be related to health resources, hygiene and sanitation, and exclusive breastfeeding. This evidence reinforces the idea that improvement in education may enhance hygiene conditions and, in effect, child health status (Barrett & Browne, 1996; Browne & Barrett, 1991) .
The present work confirms and reinforces the statements defined by the Sustainable Development Goals (SDG) to improve the status of sub-Saharan Africa (World Health Organization, 2004) . Among these goals, eradication of poverty, ensuring inclusive and quality education for all, and reduction of child mortality are connected. In particular, the present work show a hierarchical relation among these SDGs, suggesting that acting on reducing poverty at the base of the chain may positively influence child mortality. According to this study, these mechanisms act through the improvement of nutritional status of children showing how nutritional status is an important determinant of child mortality. SDGs has been criticized in the past (Attaran, 2005; Easterly, 2009) . Among main criticisms, it was reported that the SDGs are not directly or easily measurable. Therefore, this study aimed to evaluate how the factors under investigation influenced under-five mortality and how they are correlated.
The main strength of the current work is that it was performed by means of an integrated system aimed to evaluate multiple relations from a quantitative viewpoint. Moreover, the analysis was based on reliable data defined over a wide observational period. Finally, a comprehensive panel of data from 37 countries, well representing all sub-Saharan Africa, was considered, making the present work fairly generalizable to all sub-Saharan Africa as a whole. Moreover, in the present work, we report about a hierarchy among factors concurring in under-five child mortality. This hierarchy could be useful to address policymakers and stakeholder in taking decisions aimed to reduce the burden of child mortality in sub-Saharan Africa. For example, among immediate determinant of child mortality, we confirmed that acting on low birthweight is a priority (Lubchenco, Searls, & Brazie, 1972; McCormick, 1985 Nevertheless, it was reported that acting on open defecation is a cost-effective strategy to reduce diarrhoea and infections that, in turn, are related to child mortality (Clasen et al., 2014; Pickering, Djebbari, Lopez, Coulibaly, & Alzua, 2015) . In the present work, we reported that improving health care facilities could result as more effective than acting on other components in agreement with the need of guaranteeing a continuum of care between mother and the newborn. (Group, 2008; Kerber et al., 2007; Tinker, ten Hoope-Bender, Azfar, Bustreo, & Bell, 2005) . In this context, any effort made to enhance exclusive breastfeeding is positive as well (Edmond et al., 2006) . Finally, the present work highlights the important role of underlying determinant of child mortality as literacy rates and economic income (Browne & Barrett, 1991; Wagstaff, 2000) .
The present work is not free from any limitations. Here, we supposed a defined structure for our SEMs, where the relations between variables are defined in the form of hierarchy, which in turn is defined according to a well-accepted conceptual framework. This hierarchy defined the causation, introducing a strong a priori assumption. This assumption is likely but not necessarily true. We here focused on just a subset of the determinants of child mortality, whereas others such as HIV, tuberculosis, and other infectious diseases remain unexplored.
On the other hand, the scope of the present work was mainly focused on nutrition, an easier modifiable determinant of child mortality. Furthermore, the strength of the causation could be improved considering the time of exposure to the predictor and the sequentiality of the outcome. This approach could not be performed due to the limitations of the SEM analyses, where models accounting for variations over the time are just poorly implemented.
Many of the proposed associations are well known and extensively reported in the literature. The present work confirms and reinforces such evidence using a much more comprehensive approach aimed to consider child mortality and its determinants as a whole.
The authors agree that the present work may represent just an early attempt to a much more integrated investigation of the determinants of child mortality in sub-Saharan Africa. We prospect that further similar studies will be conducted because the complex relations among the factors concurring in child mortality in sub-Saharan Africa is not yet fully understood.
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